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(1) $f$ : $Xarrow Y$ $\pi_{i}$ : $X_{i}arrow X_{i-1}$
$f:X=X_{n} arrow^{\pi_{n}}X_{n-1}\frac{\pi_{n-:}}{}\cdotsarrow^{\pi_{1}}X_{0}=Y$
(2) $f$ : $Xarrow Y$ $f_{1}$ : $\tilde{X}arrow X$










$F^{*}$ : $H^{2}(X;Z)arrow H^{2}(X;\mathbb{Z})$
$\lambda(F^{*})=\max\{\lambda|\lambda$ $F^{*}$ : $H^{2}(X;Z)O$ $\}$
$\lambda(F^{*})>1$ $F$ : $Xarrow X$
$X$ ([5] ).
23 $X$ $\lambda(F^{*})>1$ $F$ : $Xarrow X$
$\pi$ : $Xarrow \mathbb{P}^{2}$ ( $X$ $\mathbb{P}^{2}$ )
$\pi:Xarrow \mathbb{P}^{2}$
$\pi:X=X_{n}arrow^{\pi_{n}}X_{n-1\prime\prime}^{\pi\pi}\underline{n-\dagger}\ldots\underline{1_{\iota}}X_{0}=\mathbb{P}^{2}$
$\pi_{i}$ : $X_{i}arrow X_{i-1}$ $X$
$H^{2}(X;Z)=Z[H]\oplus Z[E_{1}]\oplus\cdots\oplus Z[E_{N}]$
$H$ $\mathbb{P}^{2}$ $L\subset \mathbb{P}^{2}$ $\pi$ $H=\pi^{*}(L),$ $E_{i}$ $\pi_{i}$
$E_{i}’$ $X_{i}$ $\pi_{i+1}0\cdots 0\pi_{n}$ $=(\pi_{i+1}0\cdots 0\pi_{n})^{*}(E_{i}’)$
$[D]$ $D$ $\pi$
$H^{2}(X;Z)$ :
$\{\begin{array}{ll}([H], [H])=1, ([E_{i}], [E_{j}])=-\delta_{ij}, (i,j=1, \ldots, N),([H], [E_{i}])=0, (i=1, \ldots, N).\end{array}$
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Lorentz Lorentz $Z^{1,N}$ Lorentz
:
$Z^{1,N}=\bigoplus_{i=0}^{N}Z\cdot e_{i}$ , $(e_{i}, e_{j})=\{\begin{array}{ll}1 (i=j=0),-1 (i=j=1, \ldots, N),0 (i\neq j).\end{array}$
( ) $\phi_{\pi}$ : $Z^{1,N}arrow H^{2}(X, Z)$ ,
$\phi_{\pi}(e_{0})=[H]$ , $\phi_{\pi}(e_{i})=[E_{i}]$ $(i=1, \ldots, N)$
$\phi_{\pi}$ ) $\pi:Xarrow \mathbb{P}^{2}$
Lorentz Weyl $N\geq 3$ Weyl $W_{N}\subset O(Z^{1,N})$
$(\rho_{i})_{i=0}^{N-1}$ $O(Z^{1,N})\#f$Lorentz
$\rho_{i}$ : $Z^{1,N}arrow Z^{1,N}$ :
$\rho_{i}(x)=x+(x,\alpha_{i})\cdot\alpha_{i}$ , $\alpha_{i}:=\{\begin{array}{ll}e_{0}-e_{1}-e_{2}-e_{3} (i=0),e_{i}-e_{i+1} (i=1, \ldots, N-1).\end{array}$
$\Phi_{N}:=\bigcup_{i=0}^{N-1}W_{N}\cdot\alpha_{i}$ $W_{N}$ $\Phi_{N}$ Weyl $W_{N}$
(see [6]).





$w$ $(\pi, F)$ $F$
$h_{t}$ $p(F)=\log\lambda(w)$
$\Lambda:=\{\lambda(w)\geq 1|w\in W_{N}, N\geq 3\}$
25 $X$ $F$ : $Xarrow X$ $\lambda\in\Lambda$
$h_{t}$ $p(F)=\log\lambda$
$\lambda\in\Lambda$ $X$





$C$ $Y$ ( )
$c*$ $C$ $y\in c*$ $($Yo, $C_{0},$ $y_{0}):=(Y, C, y)$
$m>0$ $(Y_{m}, C_{m}, y_{m})$
(1) $Y_{m}$ $y_{m-1}\in C_{m-1}^{*}$ $\pi_{m}$ : $Y_{m}arrow Y_{m-1}$
(2) $C_{m}$ $C_{m-1}$ $C_{m}:=\overline{\pi_{m}^{-1}(C_{m-1}\backslash \{y_{m-1}\})}$ .
(3) $y_{m}\in C_{m}^{*}\cap E_{m}$ . $E_{m}$ $\pi_{m}$ $y_{m-1}$ $C_{m-1}$
$C_{m}^{*}\cap E_{m}=\{y_{m}\}$
$y_{m}$ $c*$ $y$ m-th infinitely near point
infinitely near point $Y$ proper point
$Y$ $Y$ proper point infinitely near point
$y_{1}=y_{2}$ m-th infinitely near point $y_{2}$




$z_{i}\in Z_{i-1}$ $\pi_{i}$ : $Z_{i}arrow Z_{i-1}$ $\pi:\tilde{Y}arrow Y$ $Y$ $n$
$\{z_{1}, \ldots, z_{n}\}$ $E_{i}=(\pi_{i+1}0\cdots 0\pi_{n})^{*}(E_{i}’)$ $\pi$ $z_{i}$
$E_{i}’\subset X_{i}$ $\pi_{i}$
$Y=\mathbb{P}^{2}$ $C$ $\mathbb{P}^{2}$ $\mathbb{P}^{2}$
$C=\{[x:y:z]\in \mathbb{P}^{2}|yz^{2}=x^{3}\}\subset \mathbb{P}^{2}$




$f(C):=\overline{f(C\backslash I(f))}=C$ $[0:1:0]\not\in I(f^{\pm 1})$ $\mathcal{Q}(C)\subset \mathcal{B}(C)$ $\mathcal{B}(C)$
$f\in \mathcal{B}(C)$ $c*$
$\delta(f)\in \mathbb{C}^{x}$ $c(f)\in \mathbb{C}$
$f|c\cdot$ : $C^{*}\ni[t:t^{3}:1]\mapsto[\delta(f)\cdot t+c(f):(\delta(f)\cdot t+c(f))^{3}:1]\in C^{*}$
$\delta(f)$
$\mathbb{P}^{2}$ $f$ determinant
$f\in \mathcal{Q}(C)$ $f^{-1}$ $Q(C)$ $I(f^{\pm 1})$ $c*$ 3
$\delta(f)$ $I(f^{\pm 1})$ $f\in \mathcal{Q}(C)$
31 $f$ $Q(C)$ $d\in \mathbb{C}^{x}$ $b\in\{b=(b_{\ell})_{\ell=1}^{3}\in$
$\mathbb{C}^{3}|b_{1}+b_{2}+b_{3}\neq 0\}$ $f=f_{d,b}$ $f_{d,b}\in Q(C)$
$\delta(f_{d,b})=d$ $c(f_{d,b})=- \frac{1}{3}(b_{1}+b_{2}+b_{3})\in \mathbb{C}^{x}$ $I(f_{d,b}^{\pm 1})=\{p_{1}^{\pm},p_{2}^{\pm},p_{3}^{\pm}\}$
$b_{\ell}^{+}:= \frac{1}{d}\{b_{\ell}-\frac{2}{3}(b_{1}+b_{2}+b_{3})\}$ , $b_{\overline{p}}:=b_{\ell}$ , $(l\in\{1,2,3\})$
$p_{\ell}^{\pm}$ :
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Case 1 $b_{i}\neq b_{j},$ $(i\neq i\in\{1,2,3\})$ :. $p_{\ell}^{\pm}=[b_{p}^{\pm} :(b_{\ell}^{\pm})^{3} :1]\in C^{*},$ $(l\in\{1,2,3\})$ .
Case 2 $b_{i}=b_{j}\neq b_{k},$ $(\{i, j, k\}=\{1,2,3\})$ Gk: $\{\begin{array}{l}. p_{l}^{\pm}=[b_{p}^{\pm}:(b_{p}^{\pm})^{3}:1]\in C^{*}, (\ell\in\{i, k\})p_{j}^{\pm}:p_{i}^{\pm} \text{ } first infinitely near point\end{array}$
Case 3 $b_{i}=b_{j}=b_{k},$ $(\{i, j, k\}=\{1,2,3\})$ $\mathscr{X}_{\square }$ : $\{\begin{array}{l}. p_{i}^{\pm}=[b_{i}^{\pm}:(b_{i}^{\pm})^{3}:1]\in C^{*}p_{j}^{\pm}:p_{i}^{\pm} \text{ } first infinitely near pointp_{k}^{\pm} : p_{i}^{\pm} \text{ } second infinitely near point\end{array}$
3.1 $\pi^{\pm}:X^{\pm}arrow$
$\mathbb{P}^{2}$ 3 $\{p_{1}^{\pm},p_{2}^{\pm},p_{3}^{\pm}\}$ $H^{\pm}\subset X^{\pm}$ $\mathbb{P}^{2}$ $\pi^{\pm}$
$E_{i}^{\pm}\subset X^{\pm}$ $L_{i}^{\pm}$ $p_{j}^{\pm}$ $l_{i}^{\pm}:=\{((b_{j}^{\pm})^{2}+b_{j}^{\pm}b_{k}^{\pm}+(b_{k}^{\pm})^{2})x-$
$y-(b_{j}^{\pm}+b_{k}^{\pm})b_{j}^{\pm}b_{k}^{\pm}z=0\}\subset \mathbb{P}^{2}$ $($ $\{i,j,$ $k\}=\{1,2,3\})$
$f$ $\tilde{f}:X^{+}arrow X^{-}$ 3.1
( 1-3 ):
Case 1 $\overline{f}$ : $E_{\ell}^{+}arrow L_{\overline{p}}$ $(\ell\in\{1,2,3\})$ , $E_{1}^{\pm},$ $E_{2}^{\pm},$ $E_{3}^{\pm}$
Case 2 $\tilde{f}:\{\begin{array}{l}E_{i}^{+}-E_{j}^{+} arrow E_{i}^{-}-E_{j}^{-}E_{p}^{+} arrow L_{\ell}^{-} (\ell\in\{j, k\}),\end{array}$ $E_{i}^{\pm}-E_{j}^{\pm},$ $E_{j}^{\pm},$ $E_{k}^{\pm}$
Case 3 $\tilde{f}:\{\begin{array}{l}E_{i}^{+}-E_{j}^{+} arrow E_{i}^{-}-E_{j}^{-}E_{j_{E_{k}^{+}}}^{+_{-E_{k}^{+}}} arrowarrow L^{\frac{j-}{k}}E,-E_{k}^{-}\end{array}$ $E_{i}^{\pm}-E_{j}^{\pm},$ $E_{j}^{\pm}-E_{k}^{\pm},$ $E_{k}^{\pm}$
$L_{i}^{\pm}$ $H^{\pm}-E_{j}^{\pm}-E_{k}^{\pm}$ $f$ generic 3 $p_{1}^{-},p_{2}^{-},$ $p_{3}^{-}$
$X^{\pm}$ $H^{2}(X^{\pm};Z)\cong$ Pic$(X^{\pm})=$
$Z[H^{\pm}]\oplus \mathbb{Z}[E_{1}^{\pm}]\oplus Z[E_{2}^{\pm}]\oplus Z[E_{3}^{\pm}]$
$\tilde{f}^{*}:H^{2}(X^{-};Z)arrow H^{2}(X^{+};Z)$
$f$ : $\mathbb{P}^{2}arrow \mathbb{P}^{2}$
$n$ $\{p_{1}^{\pm},p_{2}^{\pm}, \ldots,p_{n}^{\pm}\}$
1 $I(f^{\pm 1})=\{p_{\ell_{1}}^{\pm},p_{p_{2}}^{\pm},p_{p_{3}}^{\pm}\}$ , $(l_{1}, l_{2}, \ell_{3}\in\{1,2, \ldots, n\})$
2 $f(p_{\ell}^{+})=p_{\overline{p}}$ , $(l\not\in\{l_{1}, \ell_{2}, \ell_{3}\})$
$\pi^{\pm}:X^{\pm}arrow \mathbb{P}^{2}$
$n$ $\{p_{1}^{\pm},p_{2}^{\pm}, \ldots,p_{n}^{\pm}\}$
$H^{\pm}\subset X^{\pm}$ $\mathbb{P}^{2}$ $\pi^{\pm}$ $E_{i}^{\pm}\subset X^{\pm}$ $p_{i}^{\pm}$
$f$ $\overline{f}:X^{+}arrow X^{-}$ $H^{2}(X^{\pm};Z)\cong$
$Z[H^{\pm}]\oplus Z[E_{1}^{\pm}]\oplus\cdots\oplus Z[E_{n}^{\pm}]$ $\overline{f}^{*}:H^{2}(X^{-};Z)arrow H^{2}(X^{+};Z)$ :











4$f_{\ell}\in \mathcal{Q}(C)$ $n$ $f$ $:=(fi, \ldots, f_{n})\in \mathcal{Q}(C)^{n}$
$f\ell$ : $\mathbb{P}_{\ell-1}^{2}arrow \mathbb{P}_{\ell}^{2}$ $\mathbb{P}_{0}^{2}=\mathbb{P}_{n}^{2}$ $f_{\ell}^{\pm 1}$ $I(fi)=\{p_{\ell,1}^{+},p_{\ell,2}^{+},p_{\ell,3}^{+}\}\subset$
$\mathbb{P}_{p-1}^{2}$ $I(f_{p}^{-1})=\{p_{\ell,1}^{-},p_{\overline{p,}2},p_{\ell,3}^{-}\}\subset$ $\mathcal{K}(n):=\{\iota=$
$(\iota_{1}, \iota_{2})|\iota_{1}=1,$
$\ldots,$ $n,$ $\iota_{2}=1,2,3\}$ $m\geq 0$ $\iota\in \mathcal{K}(n)$
$p_{\iota}^{0}:=p_{\overline{\iota}}\in \mathbb{P}_{\iota_{1}}^{2}$ , $p_{\iota}^{m}:=f_{\ell}(p_{b}^{m-1})\in \mathbb{P}_{\ell}^{2}$ $(\ell\equiv\iota_{1}+mmod n)$
$p_{\iota}^{m-1}\not\in I(f_{\ell})$ $p_{\iota}^{m}$ well-defined $\mathcal{K}(n)$
$\sigma$ : $\mathcal{K}(n)O$ $\mu:\mathcal{K}(n)arrow Z\geq 0$
$p_{\iota}^{m}\neq p_{\iota}^{+}$ $(0\leq m<\mu(\iota), \iota’\in \mathcal{K}(n))$ , $p_{\iota}^{\mu(\iota)}=p_{\sigma(\iota)}^{+}$ (2)
$\iota\in \mathcal{K}(n)$ $\mathbb{P}_{n}^{2}$
$\kappa(\iota)$ $p_{\iota}^{0},p_{\iota}^{1},$
$\ldots$ , $p_{\iota}^{\mu(\iota)}$ $\mathbb{P}_{n}^{2}$
$\kappa(\iota)=(\mu(\iota)+\iota_{1}-\sigma(\iota)_{1}+1)/n$ $\sigma^{m}(\iota)=(\sigma^{m}(\iota)_{1}, \sigma^{m}(\iota)_{2})$ $\sigma(\iota)_{1}\leq\iota_{1}$
$\kappa(\iota)\geq 1$
4.1 $\tau=(n,\sigma, \kappa)$ orbit data
$\bullet$ $n$
$\bullet$ $\sigma$ $\mathcal{K}(n)$
$\bullet$ $\kappa:\mathcal{K}(n)arrow Z_{\geq 0}$ $\sigma(\iota)_{1}\leq\iota_{1}$ $\kappa(\iota)\geq 1$
orbit data $\tau$
$\mu:\mathcal{K}(n)arrow Z_{\geq 0}$ , $\mu(\iota)=\kappa(\iota)\cdot n+\sigma(\iota)_{1}-\iota_{1}-1=\theta_{b1\sigma(\iota)_{1}-1}(\kappa(\iota))$
$\theta_{i,i’}(k)$ :
$\theta_{i,i’}(k):=k\cdot n+i’-i$ . (3)
42 $f=(fi, \ldots, f_{n})\in \mathcal{Q}(C)^{n}$ $\iota\in \mathcal{K}(n)$ (2)
orbit data $\tau$ real-ization
orbit data $\tau$ realization $\overline{f}$ $Y_{l}:=\mathbb{P}_{\ell}^{2},$ $\mathcal{K}:=\mathcal{K}(n)$
$\iota\in \mathcal{K}$ (2) $p_{\overline{\iota}}^{-}=p \frac{0}{\iota},p\frac{1}{\iota},$ $\ldots$ , $p_{\frac{\mu}{\iota}}^{(\overline{\iota})}=p_{\sigma(\overline{\iota})}^{-}$
proper point $\overline{\iota}=(\overline{\iota}_{1},\overline{\iota}_{2})\in \mathcal{K}$ $Y_{\ell}’arrow$
proper points $\{p_{\overline{\iota}}^{m}\in Y\ell|0\leq m\leq\mu(\overline{\iota}), \overline{\iota}_{1}+m\equiv\ell mod n\}$
$f_{l}:Y_{\ell-1}arrow$ $f_{p}’$ : $Y_{\ell-1}’arrow Y_{p}’$ ( 4 ). $P \frac{0}{\iota}=$ $Y_{\overline{\iota}_{1}-1}$ $\mathbb{P}^{1}$
$f_{\overline{\iota}_{1}}$ :YII-1 $arrow$ Y $p_{\frac{\mu}{b}}^{(\overline{\iota})}=p_{\sigma(\overline{\iota})}^{+}l\ovalbox{\tt\small REJECT},$ $Y_{\sigma(\overline{\iota})_{1}-1}$ $\mathbb{P}^{1}$
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$( \underline{f_{l1}’}\{^{E_{p_{\iota}^{0}}}f_{\iota_{1}+1}’-\{^{E_{p_{\iota}^{1}}}f_{\iota_{1}+2}’\bigwedge_{1_{0}^{-----}}$ . $\underline{f’\sigma(\iota)_{1}-1}\{^{E_{p_{\iota}^{\mu(\iota)}}}\underline{f_{\sigma(\iota)_{1}}’}($
$\downarrow$ blowup
$( \underline{f_{b_{1}}}f_{\iota}\bullet_{p_{\iota}^{0}}\bullet\wedge 1+1\frac{f_{\iota_{1}+2}}{p_{\iota}^{1}}$ $—– \cdot\frac{f_{\sigma(\iota)_{1}-1}}{p_{\iota}^{\mu(\iota)}}\underline{2}\frac{f_{\sigma(\iota)_{1}}}{p_{\sigma(\iota)}^{+}}\ovalbox{\tt\small REJECT}$
4:
$f_{\sigma(^{\frac{1}{\iota}})_{1}}^{-}$ : $Y_{\sigma(\overline{\iota})_{1}}arrow Y_{\sigma(\overline{\iota})_{1}-1}$
$f_{l_{1}}^{-1}$ $f_{\sigma(\overline{\iota})_{1}}$ $p_{\sigma(\overline{\iota})}^{+}$
$I(f_{l}’)=\{\begin{array}{ll}I(f_{\sigma(\overline{\iota})_{1}})\backslash \{p_{\sigma(\overline{\iota})}^{+}\} (l=\sigma(\overline{\iota})_{1})I(f_{\ell}) (p\neq\sigma(\overline{\iota})_{1}),\end{array}$ $I((f_{\ell}’)^{-1})=\{\begin{array}{ll}I(f_{\overline{\iota}_{1}}^{-1})\backslash \{\text{ }\} (\ell=\overline{\iota}_{1})I(f_{\ell}^{-1}) (\ell\neq\overline{\iota}_{1})\end{array}$ (4)




$N= \sum_{\iota\in \mathcal{K}(n}\kappa(\iota)$ $Pp:=\{p_{\iota}^{m}\in \mathbb{P}_{\ell}^{2}|\iota\in \mathcal{K}(n),$ $0\leq$
$m\leq\mu(\iota),$ $\iota_{1}+m\equiv pmod n\}$
$-j$
$\rangle$
$f_{\ell}$ : $:_{-1}arrow \mathbb{P}_{\ell}^{2}$




$X_{\tau}:=X_{0}=X_{n}$ $f:=f_{n}o\cdots ofi$ : $\mathbb{P}^{2}arrow \mathbb{P}^{2}$ $\pi_{\tau}:=\pi_{n}:X_{\tau}arrow \mathbb{P}^{2}$
$F_{\tau}:=F_{n}o\cdots oF_{1}$ : $X_{\tau}arrow X_{\tau}$ orbit data $\tau$
realization $\overline{f}$
$f_{\ell}$ : $\mathbb{P}_{\ell-1}^{2}arrow \mathbb{P}_{\ell}^{2}$ $N$ $P_{l-1}$ 1 2
$F_{\ell}$ : $X_{l-1}arrow X_{\ell}$ $F_{\ell}^{*}:H^{2}(X_{\ell};Z)arrow$
$H^{2}(X_{\ell-1};Z)$ (1)




$\pi_{\tau}$ $H,$ $\pi_{\tau}$ $p_{\iota}^{m}$ $E_{\iota}^{m}$ $X_{\tau}$
$H^{2}(X_{\mathcal{T}};Z)\cong Z[H]\oplus(\oplus\iota\in \mathcal{K}(n)\oplus_{k=1}^{\kappa(\iota)}[E_{\iota}^{k-1}])$
$Z^{\tau}:=Ze_{0}\oplus(\oplus_{\iota\in \mathcal{K}(n)}\oplus_{k=1}^{\kappa(\iota)}Ze_{\iota}^{k})\cong Z^{1,N}$ $(N= \sum\kappa(\iota))$
$\iota\in \mathcal{K}(n)$
$\{\begin{array}{ll}(e_{0}, e_{0})=1 (e_{\iota}^{k}, e_{\iota}^{k})=-1 (\iota\in \mathcal{K}(n), 1\leq k\leq\kappa(\iota))(e_{0}, e_{\iota}^{k})=(e_{\iota}^{k}, e_{\iota}^{k’},)=0 ((\iota, k)\neq(\iota’, k’))\end{array}$
$\phi_{\pi_{\tau}}$ : $Z^{\tau}arrow H^{2}(X_{\tau};Z),$ $\phi_{\pi_{\tau}}(e_{0})=[H],$ $\phi_{\pi_{t}}(e_{\iota}^{k})=[E_{\iota}^{k-1}]$ $\pi_{\tau}$
$\iota\in \mathcal{K}(n)$ $m\geq 0$ $\sigma_{m}(\iota):=\sigma^{k}(\iota)$ $k\geq m$
$\kappa(\sigma^{p}(\iota))=0(m\leq\ell<k)$ $\kappa(\sigma^{k}(\iota))\geq 1$
$r_{\tau}$ : $Z^{\tau}arrow Z^{\tau}$
$r_{\tau}:\{\begin{array}{ll}e_{0} \mapsto e_{0}e_{\sigma_{1}(\iota)}^{1} \mapsto e_{\iota}^{\kappa(\iota)}e_{\iota}^{k} \mapsto e_{\iota}^{k-1} (2\leq k\leq\kappa(\iota))\end{array}$
$\sigma_{1}$ $\{\iota\in \mathcal{K}(n)|\kappa(\iota)\geq 1\}$ $e_{\sigma_{1}(\iota)}^{1}$ well-
defined $r_{\tau}$ $\rho_{1},$ $\ldots,$ $\rho_{N-1}$ $W_{N}$
$(\rho_{1},$
$\ldots,$
$\rho_{N-1}\rangle$ $1\leq j\leq n$ $q_{j}$ : $Z^{\tau}arrow Z^{\tau}$
$q_{j}:\{\begin{array}{ll}e_{0} \mapsto 2e_{0}-\sum_{l=1}^{3}e_{\sigma o(j,\ell)}^{1} e_{\sigma o(j,l_{1})}^{1} \mapsto e_{0}-e_{\sigma(j,\ell_{2})}^{1_{0}}-e_{\sigma(j,\ell s)}^{1_{0}} (\{l_{1}, \ell_{2}, P_{3}\}=\{1,2,3\})e_{\iota}^{k} \mapsto e_{\iota}^{k} (otherwise)\end{array}$






4.3 orbit data $\tau=(n, \sigma, \kappa)$ $w_{r}:Z^{1,N}arrow Z^{1,N}$
$w_{r}$. $:=r_{\tau}oq_{1^{O\cdot\prime}}\cdot\circ q_{n}:Z^{\tau}\cong Z^{1,N}0$
$w_{\tau}$ $W_{N}$ $w_{\tau}$ $(\pi_{\tau}, F_{\tau})$
$\phi_{\pi_{\tau}}$ : $Z^{\tau}\cong Z^{1,N}arrow H^{2}(X_{\tau}:Z)$ $\phi_{\pi_{\tau}}ow_{\tau}=F_{\tau}^{*}o\phi_{\pi_{\tau}}$ : $Z^{1,N}arrow H^{2}(X_{\tau};Z)$
4.4 $f$ orbit data $\tau$ realization $N= \sum_{\iota\in \mathcal{K}(n)}\kappa(\iota)$
$\{p_{\iota}^{m}|\iota\in \mathcal{K}(n), m=\theta_{\iota_{1},0}(k), 1\leq k\leq\kappa(\iota)\}$ $\pi_{\tau}$ : $X_{\tau}arrow \mathbb{P}^{2}$
$f=f_{n}o\cdots ofi$ : $\mathbb{P}^{2}arrow \mathbb{P}^{2}$ : $X_{\tau}arrow X_{\tau}$ $w_{\tau}$
$(\pi_{\tau}, F_{\tau})$ $F_{\tau}$ $h_{top}(F_{\tau})=\log\lambda(w_{\tau})>0$
145
5; The points $\check{p}_{i,\iota}^{+}\in I(f)$ and $\check{p}_{i,\iota}^{-}\in I(f^{-1})$
Weyl $w\in W_{N}$ orbit data $\tau$
$w=w_{\tau}$
4.5 $w\in W_{N}$ $\sum_{\iota\in \mathcal{K}(n)}\kappa(\iota)=N$ orbit data $\tau$ f
$\{e_{j}|j=1, \ldots, N\}=\{e_{\iota}^{k}|\iota\in \mathcal{K}(n), k=1, \ldots, \kappa(\iota)\}$ $w=w_{\tau}$
5 Tentative Realizability
orbit data $\tau$ realization $\overline{f}$ $w_{\tau}$
$(\pi_{\tau}, F_{\tau})$ $realization\overline{f}$ realization
realization tentative realization
tentative realization realization
5.1 $f=(fi, \ldots, f_{n})\in \mathcal{Q}(C)^{n}$ orbit data $\tau=(n, \sigma, \kappa)$ tentative
realization $\iota\in \mathcal{K}(n)$ $p_{\iota}^{\mu(\iota)}\approx p_{\sigma(\iota)}^{+}$
$\overline{f}$
$\tau$ realization $p_{\iota}^{\mu(\iota)}\approx p_{\sigma\cup\iota}^{+}$ $p_{\iota}^{\mu(\iota)}=p_{\sigma(\iota)}^{+}$
tentative realization $f=(fi, \ldots,f_{n})\in \mathcal{Q}(C)^{n}$ $f_{i}^{\pm 1}$
$I(f_{i}^{\pm 1})=\{p_{i,1}^{\pm},p_{i,2}^{\pm},p_{i,3}^{\pm}\}$
$\check{p}_{i,j}^{+}:=f_{1}^{-1}|_{C}0\cdots of_{i-1}^{-1}|_{C}(p_{i,j}^{+})$ , $\check{p}_{i,j}^{-}:=f_{n}|_{C}0\cdots of_{i+1}|_{C}(p_{i,j}^{-})$
( 5 ). $f=f_{n}of_{n-1}\circ\cdots ofi$ : $\mathbb{P}^{2}arrow \mathbb{P}^{2}$ $I(f^{\pm 1})\subset$
$\{\check{p}_{i,j}^{\pm}|(i,j)\in \mathcal{K}(n)\}$ $\overline{f}$ determinant $\delta(\overline{f})=\prod_{i=1}^{n}\delta(f_{i})$ ,
$\delta(\overline{f})=\delta(f)$ 3.1
5.2 $\overline{f}=(fi, \ldots, f_{n})\in Q(C)^{n}$ $d=\delta(\overline{f})\neq 1$
$i-1$
$v_{i,1}+v_{i,2}+v_{i,3}=- \sum s_{k}+(d-2)\cdot s_{i}-d\sum^{n}s_{k}$ , $(1\leq i\leq n)$ (5)
$k=1$ $k=i+1$
$v=(v_{\iota})_{\iota\in \mathcal{K}(n)}\in \mathbb{C}^{3n}$ $s=(s_{i})_{i=1}^{n}\in(\mathbb{C}^{x})^{n}$ $(v, s)$
$k(s):= \sum_{k=1}^{n}s_{k}$ ,
146
$v_{i,j}^{+}:= \frac{1}{d}\{v_{i,j}-(d-1)\cdot s_{i}\}$ ,
(1), (2)
$v_{i,j}^{-}:=v_{i,j}$
(1) $f|c*:C^{*} \ni[t+\frac{1}{3}k(s):(t+\frac{1}{3}k(s))^{3} : 1]\mapsto[d\cdot t+\frac{1}{3}k(s):(d\cdot t+\frac{1}{3}k(s))^{3} : 1]\in C^{*}$.
(2) $m=1,$ $\ldots,$ $n$
Case 1 $v_{m,i}\neq v_{m,j},$ $(i\neq i\in\{1,2,3\})$ :
. $\check{p}_{m}^{\pm_{p}},=[v_{m,\ell}^{\pm}+\frac{1}{3}k(s):(v_{m,\ell}^{\pm}+\frac{1}{3}k(s))^{3}:1]\in C^{*},$ $(l\in\{1,2,3\})$ .
Case
$\{$
2 $v_{m,i}=v_{m,j}\neq v_{m,k},$ $(\{i,j, k\}=\{1,2,3\})$ :
. $\check{p}_{m}^{\pm_{p}},=[v_{m,\ell}^{\pm}+\frac{1}{3}k(s):(v_{m,\ell}^{\pm}+\frac{1}{3}k(s))^{3}:1]\in C^{*},$ $(l\in\{i, k\})$ ,
$\check{p}_{m,j}^{\pm}$ : $\check{p}_{m,i}^{\pm}$ first infinitely near point.
Case
$\{$
3 $v_{m,i}=v_{m,j}=v_{m,k},$ $(\{i,j, k\}=\{1,2,3\})$ :
. $\check{p}_{m,i}^{\pm}=[v_{m,i}^{\pm}+\frac{1}{3}k(s):(v_{m,i}^{\pm}+\frac{1}{3}k(s))^{3}:1]\in C^{*}$ ,
$\check{p}_{m,j}^{\pm}(\check{p}_{m,k}^{\pm})$ : $\check{p}_{m,i}^{\pm}$ first (second) infinitely near point.
(5) $(d, v, s)\in(\mathbb{C}\backslash \{0,1\})\cross \mathbb{C}^{3n}\cross(\mathbb{C}^{\cross})^{n}$ (1), (2)
$\overline{f}=(f_{1}, \ldots, f_{n})\in \mathcal{Q}(C)^{n}$ $(d, v, s)$ $\overline{f}$





$\Vert$ $g_{1}\downarrow$ $g_{n-1}\downarrow$ $\Vert$
$\mathbb{P}_{0}^{2}arrow^{f_{1}’}\mathbb{P}_{1}^{2}arrow^{f_{2}’}...arrow^{f_{n-1}’}\mathbb{P}_{n-1}^{2}arrow^{f_{n}’}\mathbb{P}_{n}^{2}$.
$\overline{f}\in Q(C)^{n}$ $\tau$ tentative realization $\iota\in \mathcal{K}(n)$
$p_{\iota}^{\mu(\iota)}\approx p_{\sigma\iota}^{+}$
$f|_{C}^{\kappa(\iota)-1}(\check{p}_{\iota}^{-})\approx\check{p}_{\sigma(\iota)}^{+}$
52 $\text{ _{}p}^{-}\equiv 4\xi$ $d^{\kappa(\iota)-1}v_{\iota}=v_{\sigma(\iota)}^{+}$ $v_{b}^{+}=\{v_{\iota}-(d-1)\cdot s_{\iota_{1}}\}/d$
$v_{\sigma(\iota)}=d^{\kappa(\iota)}\cdot v_{\iota}+(d-1)\cdot s_{\sigma(\iota)_{1}}$ $(\iota\in \mathcal{K}(n))$ (6)
(5), (6) $(d, v, s)\in(\mathbb{C}\backslash \{0,1\})\cross \mathbb{C}^{3n}\cross(\mathbb{C}^{x})^{n}$
52 $\tau$ tentative realization $\overline{f}\in \mathcal{Q}(C)^{n}$ (5), (6)
Weyl




:(1) $\delta>1$ $f(\delta)=f(\delta^{-1})=0,$ (2) $\delta^{\pm 1}$ $f$
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1 Salem $f$ $\delta>1$ Salem $w\in W_{N}$
$\lambda(w)>1$ $d$ Salem $S_{w}(t)$ $w$ $d$
$|d|>1$ $w$
Salem $d=\lambda(w)>1$
orbit data $\tau$ (5), (6) $w_{\tau}$
5.3 orbit data $\tau$ $d\neq 0$ 1
$v_{0} \cdot e_{0}+\sum v_{\iota}^{k}\cdot e_{\iota}^{k}\in Z^{\tau}\otimes_{Z}\mathbb{C}$
$d$
$w_{\tau}$ (5), (6)
$(V, s)\in(\mathbb{C}^{3n}\backslash \{0\})\cross(\mathbb{C}^{n}\backslash \{0\})$ :
(1) $v_{\iota}^{k}=d^{k-1}\cdot v_{\iota}$ $\iota\in \mathcal{K}(n)$ $1\leq k\leq\kappa(\iota)$
(2) $v_{0}=k(s)$ .
53 1 $d\neq 0$ $(v, s)\in(\mathbb{C}^{3n}\backslash \{0\})\cross(\mathbb{C}^{n}\backslash \{0\})$ (5), (6)
$d$ Salem $S_{w_{\tau}}(t)$ $d$ $S_{w_{\mathcal{T}}}(t)$
$d$
$w_{\tau}$ ( ) (5), (6)
$(v, s)$ $s\in \mathbb{C}^{n}\backslash \{0\}$ $s\in(\mathbb{C}^{\cross})^{n}$
52 $\tau$ tentative realization $\overline{f}\in Q(C)^{n}$
5.4 orbit data $\tau$ $\lambda(w_{\tau})>1$ $d$ $S_{w_{\mathcal{T}}}(t)$
(5), (6) $s\neq 0$ $s\in(\mathbb{C}^{x})^{n}$ $\delta(\overline{f})=d$ $\tau$
tentative realization $\overline{f}\in \mathcal{Q}(C)^{n}$ $\overline{f}$ :
$\overline{f}=(f_{1}, \ldots, f_{n})$ $\overline{f}=(f_{1}’, \ldots, f_{n}’)$ $\delta(\overline{f})=\delta(\overline{f})=d$ $\tau$ tentative realization
$\mathcal{B}(C)$ $g_{1},$ $\ldots,g_{n}$ :
$\mathbb{P}_{0}^{2}f_{1}’\underline{1}\mathbb{P}_{1}^{2}\underline{ht}\ldotsarrow^{f_{n-1}}\mathbb{P}_{n-1}^{2}arrow^{f_{n}}\mathbb{P}_{n}^{2}$
$go\downarrow$ $g_{I}\downarrow$ $g_{n-1}\downarrow$ $g_{n}\downarrow$
$\mathbb{P}_{0}^{2}\frac{f_{1}^{l}\backslash }{r}\mathbb{P}_{1}^{2}\frac{f_{2}’t}{\prime}\ldotsarrow^{f_{n-1}’}\mathbb{P}_{n-1}^{2}arrow^{f_{n}’}\mathbb{P}_{n}^{2}$.
go $:=g_{n}$
54 $s\neq 0$ $s\in(\mathbb{C}^{x})^{n}$ Weyl
$\alpha_{j}^{c}:=q_{n}o\cdots oq_{j+1}(e_{0}-e_{\sigma\text{ }(j,1)}^{1}-e_{\sigma_{\text{ }}(j,2)}^{1}-e_{\sigma_{\text{ }}(j,3)}^{1})\in\Phi_{N}$
$\Gamma_{\tau}^{(1)}:=\{\alpha_{j}^{c}|j=1, \ldots, n\}\subset\Phi_{N}$
$\ell_{\tau}$ $R_{w_{\tau}}(t)=0$ $x$ $x^{\ell_{\tau}}=1$
$P(\tau):=\{\alpha\in\Phi_{N}|w_{\tau}^{\ell_{\tau}}(\alpha)=\alpha\}$
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5.5 orbit data $\tau$ $\lambda(w_{\tau})>1$ $d$ $S_{w_{\tau}}(t)$ $s\neq 0$ (5), (6)
$s_{j}=0$ $\alpha_{j}^{c}\in P(\tau)$




5.6 $\lambda(w_{\tau})>1$ orbit data $\tau$ $\lambda(w_{\tau})=\lambda(w_{\overline{\tau}})$ (7) orbit
data $\check{\tau}=(\check{n},\check{\sigma},\check{\kappa})$
6 Realizability
orbit data $\tau$ tentative realization $\overline{f}\in \mathcal{Q}(C)^{n}$ $\overline{f}$ $\iota\in \mathcal{K}(n)$
$p_{\iota}^{\mu(\iota)}\approx p_{\sigma(\iota)}^{+}$ $p_{\iota}^{\mu(\iota)}=p_{\sigma(\iota)}^{+}$
7 $\uparrow’\mathscr{L}\iota_{\overline{\llcorner}}$ , realization $\iota=(\iota_{1}, \iota_{2}),$ $\iota’=$
$(\iota_{1}’, \iota_{2}’)\in \mathcal{K}(n)$
$\alpha_{\iota,\iota’}^{k}:=q_{n}o\cdots oq_{\iota_{1}’+1}(e_{\sigma o(\iota)}^{k+1}-e_{\sigma o(\iota’)}^{1})\in\Phi_{N}$
6.1 orbit data $\tau$ $\lambda(w_{\tau})>1$ (7)
$\rangle$
$\overline{f}$ 55 $\tau$
tentative realization $\alpha_{\iota,\iota’}^{k}\in P(\tau)$ $p_{\iota}^{m}\approx p_{\iota’}^{-}$
$m=\theta_{\iota_{1},\iota_{1}’}(k)\geq 0$ $\theta_{i,i’}(k)$ (3)
$d^{k}\cdot b_{\iota}=b_{\iota’}$
6.2 orbit data $\tau=(2, \sigma, \kappa)$
$\{\begin{array}{ll}\sigma: (1,1)\mapsto(1,2)\mapsto(2,2)\mapsto(2,1)\mapsto(1,1), (1, 3)\mapsto(2,3)\mapsto(1,3)\kappa(1,1)=\kappa(2,2)=4, \kappa(1,2)=\kappa(1,3)=0, \kappa(2,1)=1, \kappa(2,3)=3(\mu(1,1)=\mu(2,2)=7, \mu(1,2)=\mu(1,3)=0, \mu(2,1)=2, \mu(2,3)=4)\end{array}$
$\tau$ (5), (6) $d\approx 1.582(d$ $t^{6}-t^{4}-2t^{3}-t^{2}+1=$
$0$ $|t|>1$ ), $s=(s_{1}, s_{2})\approx(1, -6.269),$ $b_{1,1}=b_{2,2}=1,$ $b_{1,2}\approx 7.269$ ,
$b_{1,3}\approx 8.048,$ $b_{2,1}=0,$ $b_{2,3}\approx 1.779$ $\lambda(w_{\tau})=d\approx 1.582$ 5.4
$\tau$ tentative realization $\overline{f}\in Q(C)^{2}$ $(b_{m,t}\neq b_{m,j}(i\neq j)$ $f_{1}^{\pm 1},$ $f_{2}^{\pm 1}$
$\mathbb{P}^{2}$ proper point ). $\overline{f}$ $\tau$ realization
$b_{1,1}=b_{2,2}$ 6.1 $p_{1,1}^{1}\approx p_{2,2}^{-}$ $p_{1,1}^{-}$ $f_{2}$
$p_{1,1}^{1}=f_{2}(p_{1,1}^{-})$ $p_{2,2}^{-}$ first infinitely near point ( 6
$m=\theta_{\iota_{1},\iota_{1}’}(k)=1$ ). $1\leq\ell\leq\mu(1,1)$ $p_{1,1}^{\ell}$ $p_{2,2}^{p-1}$ first infinitely
near point $p_{1,1}^{\mu(1,1)}\approx p_{\sigma(1,1)}^{+}=p_{1,2}^{+}$ $p_{1,2}^{+}$ proper point
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6:
$p_{1,1}^{\mu(1,1)}\neq p_{1,2}^{+},$ $p_{2,2}^{\mu(1,1)-1}=p$ $\overline{f}$ $\tau$ realization
$\check{\tau}=(2,\check{\sigma}, \kappa)$ ,
$\check{\sigma}$ : $($ 1, $\ell)\mapsto(2,l)\mapsto(1, \ell)$ , $(\ell\in\{1,2,3\})$
(5), (6) $\tau$ $\overline{f}$ $\check{\tau}$ realization
$\lambda(w_{\dot{\tau}})=\lambda(w_{\tau})>1$ $m=\theta_{\iota_{1},\iota_{1}’}(k)>0$ $\mu(\iota)<m+\mu(\iota’)$
$\alpha_{\iota,\iota}^{k},$ $\in P(\tau)$ ( 6 ).
6.3 orbit data $\tau=(1, \sigma, \kappa)$
$\{\begin{array}{l}\sigma: (1,1)\mapsto(1,2)\mapsto(1,1), (1, 3)\mapsto(1,3)\kappa(1,1)=\kappa(1,2)=4, \kappa(1,3)=3\end{array}$
$\tau$ (5), (6) $d\approx 1.582(d$ $t^{6}-t^{4}-2t^{3}-t^{2}+1=$
$0$ $|t|>1$ ), $s_{1}=1,$ $b_{1,1}=b_{1,2}\approx-0.190,$ $b_{1,3}\approx-0.338$
$\lambda(w_{\tau})=d\approx 1.582$ $\tau$ tentative realization $\overline{f}=(fi)\in Q(C)$ $p_{1,1}^{\pm}\approx p_{1,2}^{\pm}$
$p_{1,2}^{\pm}$ $p_{1,1}^{\pm}$ rst infinitely near point $0\leq\ell\leq 3$
$P_{1,2}^{\ell}$ $p_{1,1}^{p}$ first infinitely near point $p_{1,1}^{3}\approx p_{1,2}^{3}\approx p_{1,1}^{+}\approx p_{1,2}^{+}$
$p_{1,2}^{+}$ $p_{1,1}^{+}$ first infinitely near point $p_{1,1}^{3}=p_{1,1}^{+},$ $p_{1,2}^{3}=p_{1,2}^{+}$ $p_{1,1}^{\pm}$
$p_{1,2}^{\pm}$ first infi-nitely near point $\overline{f}$ $\tau$ realization
$\check{\tau}=(1,\check{\sigma}, \kappa)$ ,
$\check{\sigma}$ : $(1, \ell)\mapsto(1, \ell)$ , $(P\in\{1,2,3\})$ ,
(5), (6) $\tau$ $f$ $\check{\tau}$ realization
$\lambda(w_{\check{\tau}})=\lambda(w_{\tau})>1$ $\mu(1, i)=\mu(1,j)(i\neq j)$ $($ 1, $j)=\sigma(1, i)$
$\alpha_{(1,i),(1,j)}^{0}\in P(\tau)$
$\Gamma_{\tau}^{(2)}\subset\{\alpha_{\iota,\iota’}^{k}|\iota=(\iota_{1}, \iota_{2}), \iota’=(\iota_{1}’, \iota_{2}’)\in \mathcal{K}(n),0\leq\theta_{\iota_{1},\iota_{1}’}(k)\leq\mu(\iota)\}\subset\Phi_{N}$
$J\triangleright-$
$\alpha_{\iota,\iota’}^{k}$ :
(1) $\theta_{\iota\text{ },\iota_{1}’}(k)>0$ , $m\geq 0$ $\mu(\sigma^{\ell}(\iota))=\mu(\sigma^{\ell}(L’))+\delta_{\ell,0}\cdot\theta_{t\text{ },\iota_{1}’}(k)(0\leq P<m)$
$\mu(\sigma^{m}(\iota))<\mu(\sigma^{m}(\iota^{l}))+\delta_{m},0^{\cdot}\theta_{\iota_{1},\iota_{1}’}(k)$ $\delta_{i_{\dot{\theta}}}$
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(2) $b\neq\iota’,$ $\iota_{1}=\iota_{1}’$ , $\mu(\sigma^{\ell}(\iota))=\mu(\sigma^{p}(\iota’))(\ell\geq 0)$ $m\geq 0$ $\iota’=\sigma^{m}(\iota)$
6.4 orbit data $\tau$ $\lambda(w_{\tau})>1$ (7) $\overline{f}$ 55 $\tau$
tentative realization $\overline{f}$ $\tau$ realization
$\Gamma_{\tau}^{(2)}\cap P(\tau)=\emptyset$ (8)
Example 6.2, 63 (8)
orbit data (8)
6.5 orbit data $\tau$ $\lambda(w_{\tau})>1$ (7) $\overline{f}$ 55 $\tau$






7.1 orbit data $\tau$ $\lambda(w_{\tau})>1_{f}$
$\Gamma_{\tau}\cap P(\tau)=\emptyset$ (9)
$d$ $S_{w_{\tau}}(t)=0$ $\delta(\overline{f}_{\tau})=d$ $\tau$
realization $\overline{f}_{\tau}=(fi, \ldots, f_{n})\in \mathcal{Q}(C)^{n}$ $o*$ $N= \sum_{\iota}\kappa(\iota)$
$\pi_{\tau}$ : $X_{\tau}arrow \mathbb{P}^{2}$ $\pi_{\tau}$ $f_{\tau}:=f_{n}o\cdots ofi$






$w_{\tau}$ $F_{\tau}$ $h_{t}$ $P(F_{\tau})=\log\lambda(w_{\tau})>0$
(9) 56 6.5 orbit data
$\tau$
orbit data $\check{\tau}$
7.2 $\lambda(w_{\tau})>1$ orbit data, $\tau$ $\lambda(w_{\overline{\tau}})=\lambda(w_{\tau})$
(9) orbit data $\check{\tau}$
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25 $F$ : $Xarrow X$ $\lambda\in\Lambda$
$h_{t}$ $p(F)=\log\lambda$ 72 45
73 $\lambda\in\Lambda$ $h_{t}$ $p(F)=\log\lambda$ $F:Xarrow X$
{ $p(F)|F:Xarrow X$ : } $=$ $\{1Og \lambda|\lambda\in\Lambda\}$
(9)
7.4 orbit data $\tau=(n, \sigma, \kappa)$ :
(1) $n\geq 2$ ,
(2) $\iota\in \mathcal{K}(n)$ $\kappa(\iota)\geq 3$ ,
(3) $\iota\neq\iota’$ $m\geq 0$ $\sigma^{m}(\iota)_{1}=\sigma^{m}(\iota’)_{1}$ $\kappa(\sigma^{m}(\iota))=\kappa(\sigma^{m}(\iota’))$
$m\geq 0$ $\iota’\neq\sigma^{m}(\iota)$
orbit data $\tau$ (9), $2^{n}-1<\lambda(w_{\tau})<2^{n}$
$\log(2^{n}-1)<h_{t}$ $P(F_{r})<\log 2^{n}$
ortit data 74
$n\geq 2$ Diller [3] orbit data $\hat{\tau}=(1,\hat{\sigma},\hat{\kappa})$
7.4 orbit data $\tau$
Diller
([7] ).
McMullen [4] $w\in W_{N}$
$\lambda(w)>1$ $w^{k}(\alpha)\neq\alpha$ $\alpha\in\Phi_{N}$ $k\geq 1$
$w$ $(\pi, F)$ $\Phi_{N}$





81 $S$ $F$ : $Sarrow S$
(1) 2 $\xi_{1},\xi_{2}\in \mathbb{C}^{x}$ $i_{1},$ $i_{2}\in Z$ $\xi_{1}^{i_{1}}\cdot\xi_{2}^{i_{2}}=1$
$(i_{1}, i_{2})=(0,0)$
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(2) $R$ : $\mathbb{C}^{2}arrow \mathbb{C}^{2}$ $\xi_{1},\xi_{2}\in$
$\{|z|=1\}$ $R:(z_{1}, z_{2})\mapsto(\xi_{1}z_{1}, \xi_{2}z_{2})$
(3) $S$ $U\subset S$ $F$ Siegel $F(U)=U$ $F|U$
$R|\{|z|<1\}^{2}$
Siegel $F:Sarrow S$
$F$ : $Sarrow S$ $S$
K3 $S$ Siegel
$S$ K3 Siegel
$S$ ([4] ). Siegel
Siegel McMullen Bedford-Kim
([1, 4] ). Siegel
8.2 7.1 Siegel
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